10.0) (p = 0.016) and 'local contrast enhancement' at 69.4% (SD 13.6) (p < 0.001).
These results equate to a 14. fluorescein angiography with orally administered fluorescein', finding that oral fluorescein gave good angiogram results and none of the 1787 patients experienced serious adverse reactions. There is only one reported case of allergic reaction following an OFA and no deaths have been reported? However, it is currently used only for children and patients with no intravenous access.
The main drawback of OF A is that only late phase angiograms are produced and the images are of low intensity and low contrast. This is due to low plasma levels of fluorescein within the retinal vessel.s The dye adsorption is slow and so the arterial phase and capillary flow cannot be demonstrated. With digital retinal cameras lower levels of fluorescence are detectable and images can be enhanced giving clinically useful images.
These considerations are encouraging a re evaluation of OFA for clinical use. This study aimed to assess whether oral fluorescein angiography could detect the clinically important features of diabetic retinopathy and whether 'local contrast enhancement' and histogram equalisation could increase the amount of useful clinical information contained within the images.
Methods
Twelve patients with diabetic retinopathy were recruited from the Sussex Eye Hospital. Informed consent for the trial was requested. Pupils were dilated with 1% tropicamide and patients were given 2 g of fluorescein in an iced orange drink. Thirty minutes later the patients were photographed using a FF450 Zeiss Fundus Camera (Carl Zeiss, UK) fitted with fluorescein filters. A Kodak Megaplus digital camera was used to capture the images and Zeiss software was used for image storage. The images were transferred to Kings College London for further processing. The trial was performed under the auspices of the local ethics committee and the patients were treated in accordance with the Declaration of Helsinki. Mean of W sub-image <f> w = 192 
Local contrast enhancement
We developed an alternative image-enhancing method named 'local contrast enhancement' l O to overcome this feature of retinal images. Contrast enhancement is applied to a several small areas within the image (49 x 49 pixels), each pixel within the images being individually enhanced to give a mean intensity of 128 within the local area. The size of the area was calculated to give statistically meaningful data, and assessed to give the best visual enhancement for these types of images. This locally adaptive enhancement is potentially more efficient than one based on the whole image statistics. 'Local contrast enhancement' depends on the mean and variance of the intensity within the local area. If the variation of the intensity in the local area is high, the algorithm does not increase the local contrast; this is important in preserving some retinal and pathological features which alter the local contrast. On the other hand, if the intensity variation in the local area is small (as in poorly illuminated areas of the image), the local contrast is increased. Due to this property the local contrast is enhanced smoothly. After 'local contrast enhancement' details can be seen more clearly than in the original image. Fig. 1 shows the effect of local enhancement on images with low, medium and high intensities. 
Assessment of image quality
The resulting 36 images were transferred onto 35 mm slides to aid subject masking and were randomised in both order and laterality. The images were shown to two observers (R.N., T.W.) who were asked to grade each image on a visual analogue scale of o� 100 for clarity and ease of detecting the features of diabetic retinopathy. Each grader was masked as to the other's score. The scores of each observer were combined to give a final grade for each image and the scores for each method of enhancement were assessed. The images were then divided into those that were clinically useful (> 50%) and those that were not useful « 50%).
Statistical methods
The grades for each type of image enhancement were compared using a two-tailed paired Student's t-test. The proportions of images that were or were not clinically useful were assessed using McNemar's test for paired proportions. Fisher's r to z correlation was used to assess the inter-observer variances and regression analysis was performed on the inter-observer variation data.
Results
The results of image enhancement are presented in Table  1 and Fig. 3 score 60.0%) lost clinical information (-4.9%) following histogram equalisation but still gained information with 'local contrast enhancement' (+20.0%). The quality of the grading was assessed: grader 1 (R.N.) consistently under-graded as compared with grader 2 (T.W.), the average scores being 47.7% vs 60.8%. The scores were, however, highly correlated with Fisher's r to z correlation score at 0.811 (95% CI 0.66-0.9). The graders agreed more as the quality of the images improved, with a regression of Y = 60 + 0.875X (p < 0.001, R 2 = 0.86).
Discussion
This pilot study demonstrates that image enhancement increases the amount of clinical information in relatively poor retinal images. The histogram equalisation method improved the images by 14.7% and the 'local contrast enhancement' method by 30.3%. All the 'local contrast enhancement' images were clinically useful compared with 58.3% of the histogram equalisation images and only 33.3% of the controls. Our results were poorer than those of Hara et al., 6 who found that OFA produced photographs of adequate quality in 97.3% of cases. One explanation is their use of more concentrated fluorescein, giving higher blood levels; another is the racial differences between the two groups.
There are several reports of image enhancement of both fluorescein ll • 12 and indocyanine green angiograms, 13 as well as scanning laser ophthalmoscope images. 14 Image enhancement is often used as a pre processing stage in image analysis programs and there are few data as to whether these enhancements are helpful for the clinician. Common enhancement techniques are divided into three broad categories: point operations, spatial operations and transforming operations. Histogram equalisation is an example of a point operation, which manipulates histograms in a consistent and meaningful manner. However, many image enhancement techniques are based on spatial operations performed on local pixel neighbourhoods. Often, the images are convolved with a finite impulse response filter called a spatial mask, such as the bilinear top-hat transformation and matched filtering process used by Spencer et al. ll during image pre-processing for microaneurysm analysis. Adaptive spatial masks depend on the local image characteristics.
Optimal contrast enhancement is based on the image characteristics and human visual properties, such as contrast sensitivity. 1 5 . 16 Unfortunately, with histogram equalisation the high intensity becomes saturated, blurring retinal detail and creating artefact. 17 'Local contrast enhancement' was developed to increase and decrease the brightness simultaneously depending on the image local contrast or brightness. The intensity mean and variance were used because of their relevance to the appearance of an image. The mean is a measure of average brightness and the variance of contrast. 9 The creation of artefact is a well-known phenomenon; however, there is little information on how artefact changes the clinical usefulness of images. This study has shown that enhancement increases the usefulness of poorer images but that with good images clinical information may be lost. The 'local contrast enhancement' technique outperformed histogram equalisation in almost all images. Moreover none of the 'local contrast enhancement' images fell below the 50% cut-off for clinical usefulness. This suggests patients could be investigated with this safer, less invasive technique if image enhancement were available.
Conclusion
This pilot study has described the technique of 'local contrast enhancement' and demonstrated its effectiveness in enhancing low-contrast retinal images. OFA may now be a viable alternative to intravenous angiography, when used in conjunction with a digital camera and image enhancement. There are other applications for 'local contrast enhancement' of digital images, such as pre-processing prior to image analysis, and future developments may include automated enhancement of fluorescein, colour and red-free images.
Appendix
Consider a sub-image W of size M X M pixels centred on a pixel located at (i, j). Denote the mean and standard deviation of the intensity within W by </>w and uw, 
M(M -1)
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